ABSTRACT
INTRODUCTION

45
Proteases (EC 3.4.11-24) make up a large share of the total global industrial 46 enzymes (1) . They have extensive applications in the dairy, baking, beverages, 47 brewing, meat and functional food industries (1, 2) . On the basis of the optimal pH of 48 hydrolysis, proteases have been grouped into three categories-acidic, neutral, and 49 alkaline proteases. They can also be classified into serine, cysteine, metallo and 50 aspartic proteases, depending upon their catalytic residues. Aspartic proteases (EC show poor thermostability, limiting their applications to mesophilic conditions. Thus, 60 the thermal stability of aspartic proteases has been the subject of attention in many 61 recent studies (4) . The discovery of novel thermostable enzymes, especially from 62 extremophiles, is a potential method to tackle the aforesaid problem (2, 5).
63
Aspartic proteases are wide spread in many organisms-vertebrates, insects, extracellularly produced with a activity of only 63.7 U/mL (13). Pichia pastoris is an 75 excellent expression system that has been effectively used to solve the problems of 76 low yield of proteases. Many aspartic proteases have been heterogeneously expressed 77 in P. pastoris (14, 15, 16 ). An aspartic protease from Rhizomucor miehei was 78 produced in P. pastoris with the activity of 3480.4 U/mL (17). little is known about this process among aspartic proteases from fungi. There is 91 evidence that the predicted zymogens vary in length depending on each fungus,
92
suggesting their unique activation processes (6). Therefore, studying the activation 93 processing of fungal aspartic proteases is of great significance to understand the mode 94 of activation of the whole family.
95
Given the importance of novel and thermostable aspartic proteases in industrial 96 processes, a gene coding for a novel thermostable aspartic protease, Tlapa1, was 97 found and cloned from the thermophilic filamentous fungus Talaromyces leycettanus.
98
Phylogenetic analysis indicated that TlAPA1 belonged to a new subgroup of aspartic 99 proteases A1 family. Moreover, TlAPA1 has been previously expressed in P. pastoris 100 in its zymogen form and its auto-activation has been studied in detail. The auto-activation process of TlAPA1 was affected by pH and enzymatic activity, and 102 occurred in two stages distinguished by the presence of a processing intermediate.
103
The mature proteases with activity were subsequently purified and characterized 104 biochemically. In this study, a novel thermostable aspartic protease was discovered 105 and synthesized as a zymogen in P. pastoris, and its autocatalytic activation was 106 studied. 
RESULTS
108
Gene cloning and sequence analysis. The gene encoding a novel aspartic protease peaked after 60 min (Fig. 5A) . We speculated that the precursor was almost 194 completely processed after 60 min of incubation at pH 3.0, which was confirmed by when we activated the zymogens at pH 5.0, a minor mature protein band was 273 generated in SDS-PAGE. This auto-processing site (S98-A99) was also confirmed by 274 N-terminal sequencing, and was located 13 residues downstream of the first mature 275 site. However, the mature products at pH 5.0 had no proteolytic activity (Fig 7) . The an additional 61 residues with a greater abundance of arginine residues, compared to 281 other homologs (Fig.S1 ). We thus speculated that the sequence peculiarity of showed that proTlAPA1 could have a unique mechanism of auto-activation processing. Table 1 . Finally, the PCR products were cloned into the pEASY-T3 and 326 sequenced. were analyzed using SDS-PAGE.
387
Enzyme activity assay. The activity of aspartic proteases was assayed in a 1000 μl Coomassie Brilliant Blue R-250, the target protein bands were excised and subjected
413
to N-terminal amino acid sequence analysis using a PPSQ-33 automatic sequence 414 analysis system (Shimadzu, Kyoto, Japan).
415
Figure legends processing at room temperature (~20 °C) was analyzed using 12% SDS-PAGE. TlAPA1, mature protein after auto-activation at pH 3.0; M2-TlAPA1, mature protein 598 after auto-activation at pH 5.0.
599 Table 1 Primers used in this study.
Primers Sequences (5→3)
Tlapa1F GGGTACGTAGTCCCGGCTCCTTCGCGGCCT Tlapa1R GAGCCTAGGCTATGCAGGAGATGCAAAACCAAGAGATGGA 
